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Abst rac t - -The  problem of movement of bubbles in a liquid in a rigid vertical cylindrical container 
with a rigid base is considered. The container vibrates vertically with a displacement amplitude & 
and an angular frequency w with the acceleration 9 due to gravity. © 2000 Elsevier Science Ltd. 
All rights reserved. 
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1. INTRODUCTION 
Mult iphase media are observed in various natural  processes and widely used in various areas of 
human activity. 
The dynamic stabi l i ty  and the stabi l i ty  of mixtures is very important  for many technological 
operat ions,  e.g., in space for noncontact crystal l izat ion of metals, growing of monocrystals ,  foamed 
metals,  obta in ing of various geometrical  shapes, etc. [1]. 
The following fact is important  for some technological processes (see [2]): a spherical bubble 
cannot be in equi l ibr ium inside a liquid no matter  how small the intensity of mass forces (it must 
only be nonzero). In this case, a bubble, besides vibrations, begins to make forward motions. 
The main principles of bubble hydrodynamics are formulated and the nonl inear equations of 
one-velocity bubble hydrodynamics  are obtained in [3,4]. The equations of motion are valid for 
an arb i t rary  density of bubbles and do not contain the descript ion of the motion of an isolated 
bubble. 
The problem of motion of bubbles in a liquid in a rigid vertical cyl indrical container with 
a rigid base is considered in [5], The container makes vertical v ibrat ions with a displacement 
ampl i tude A and an angular frequency aJ in the gravitat ional  field. The equations of ideal l iquid 
in a l inear approx imat ion serve as a basis for the model (see [5] and its references). 
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In this paper,  a similar problem of the movement of bubbles in a vibration container is consid- 
ered. The mathemat ica l  model describing the movement of bubbles in a liquid is based on a lin- 
ear variant of bubble hydrodynamics taking into account the characteristics of bubbles proposed 
in [4]. In this case, the equations of motion of the carrier liquid are not the Cauchy-Kovalevskaya 
equations of t ime due to the presence of bubbles. 
2. THE MOVEMENT OF  BUBBLES 
IN  A V IBRAT ING CONTAINER 
Let us consider the following boundary value problem: it is necessary to determine the distri- 
bution of pressure and velocity of the carrier liquid from the conditions 
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Here v is the vertical component of the velocity vector of the carrier medium, P00 = const is the 
pressure on the free surface, c = V /~ is the sound speed, p is the equil ibrium density, 3' is the 
constant characterizing the bubbles [3], z is measured upwards from the container base, L is the 
height of the liquid column. 
Suppose that  the height of the liquid column L is not the root of the tr igonometrical  equation 
I ( L )  = O, 
I ( z ) = 1 - 4 p'2 c-~' cos 1 + -- sin 1 
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The solution to the boundary value problems (1) (3) in the form of steady sinusoidal vibrations 
(standing wave, v(t,  z) = '~(z) - cos (w. t)) has the form 
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For an incompressible bubble liquid (c = oc), this solution is simplified considerably and takes 
the following form: 
v = A-w.cos (w. t ) ,  
P = P00 + P'g" ( z -  L) - p. A .w 2. (L -  z)-sin(w, t). 
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